A Proposed Update to the Solar Irradiance Spectrum Used in LOWTRAN and MODTRAN 

Robert O. Green 1 and Bo-Cai Gao 2 

!jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91 109 
2 Goddard Space Flight Center, Greenbelt, MD 


ABSTRACT 

The calibrated upwelling radiance spectra measured by AVIRIS are increasingly being analyzed 
with radiative transfer codes. Analysis of AVIRIS data with the LOWTRAN and MODTRAN 
radiative transfer codes has led to indications of an error in the solar irradiance spectra used by 
these codes. This paper presents evidence for the error and a proposed update to the solar 
irradiance spectra used by LOWTRAN&MODTRAN. 

1.0 INTRODUCTION 

AVIRIS measures the total upwelling radiance at 20 km altitude through 224 spectral channels 
from 400 to 2500 nm. The upwelling radiance measured results from solar energy being 
transmitted, scattered and reflected from the atmosphere and surface. Quantitative analysis of 
calibrated AVIRIS radiance with radiative transfer codes requires accurate knowledge of the solar 
irradiance spectrum from 400 to 2500 nm at AVIRIS spectral resolution. The LOWTRAN 
(Kneizys et al., 1987) and MODTRAN (Berk et al., 1989) radiative transfer codes are increasingly 
used in the analysis of AVIRIS measured radiance. In this paper we describe the evidence for 
spectrally distinct errors in the solar irradiance spectrum shared by the codes. We present a 
proposed update to the LOWTRAN&MODTRAN solar irradiance. 

2.0 LOWTRAN&MODTRAN SOLAR IRRADIANCE ERROR 

A common radiative transfer based analysis of AVIRIS data is the inversion of AVIRIS measured 
radiance to apparent surface reflectance (Green et al., 1990; Green et al., 1993; Gao et al., 1992). 
When the MODTRAN radiative transfer code is used for this calculation, systematic and spectrally 
distinct discrepancies have been encountered (Green^et al., 1992). This problem has been mitigated 
by using a MODTRAN based inflight calibration as the radiometric calibration for AVIRIS in the 
calculation of apparent reflectance. This approach effectively cancels any errors in the MODTRAN 
solar irradiance spectrum. An example of this discrepancy caused by using the 
LOWTRAN&MODTRAN solar irradiance is shown in Figure 1. In this figure the MODTRAN 
calculated reflectance and concurrently field measured field reflectance for the Rogers Dry Lake 
calibration target is given for the 2000 to 2500 nm spectral region. Also in this figure, the percent 
difference between the LOWTRAN&MODTRAN solar irradiance and proposed solar irradiance 
update is given. The erroneous features in the reflectance and irradiance difference correspond 
closely. 

3.0 PROPOSED UPDATE SOLAR IRRADIANCE 

The proposed update solar irradiance is based on the Neckels and Labs continuum spectrum 
(Neckels et al., 1984). The spectrum has been modified to include transmission of the solar 
atmosphere as measured by the ATMOS sensor on board the Space Shuttle. A plot of the 
LOWTRAN&MODTRAN solar irradiance spectrum and proposed update is given in Figure 2. In 
addition to the disagreement in the 2000 nm region a significant departure is evident near the 940 
nm region. This is a region of strong water vapor absorption in the Earth’s atmosphere and is 
consistent with the aircraft sensor platform source of the LOWTRAN&MODTRAN irradiance 
spectra. 

A percent difference plot between the LOWTRAN&MODTRAN solar irradiance spectrum and 
proposed update is given in Figure 3. The spectrally distinct differences in the 2000 nm region 
approach 20 percent in magnitude. Discrepancies of 5 percent are seen between 900 and 2500 nm. 

As a validation of the proposed update to the solar irradiance, the surface reflectance of the 
calibration target at Rogers Dry Lake was recalculated. A comparison of the calculated reflectance 
and field measured reflectance using the update irradiance is given in Figure 4. This improvement 



in agreement between the measured and calculated reflectance shows the importance of the solar 
irradiancc in calculating parameters from measured upwclling spectral radiance. 

It is planned to provide this update to the solar irradiance spectrum to the developers of 
LOWTRAN&MODTRAN (Anderson, pers. comm.) 

4.0 CONCLUSION 

In the region from 900 to 2500 nm spectrally distinct errors in the solar irradiance spectrum are 
shown. These discrepancies are largely compensated for with use of the proposed update to the 
solar irradiance. Continued improvement of knowledge of the solar irradiance spectrum is required 
as quantitative algorithms are applied to measurement of radiance in this spectral region. 

5.0 ACKNOWLEDGMENTS 

This research was carried out at the Jet Propulsion Laboratory, California Institute of Technology, under 
contract with the National Aeronautics and Space Administration. 

6.0 REFERENCES 

Anderson, G. P.. Personal Communication, AFGL, Hanscomb AFB, MA, 1993. 

Berk, A., L. S. Bernstein, and D. C. Robertson, "MODTRAN: A moderate resolution model for 
LOWTRAN 7", Final report. GL-TR-0122. AFGL, Hanscomb AFB, MA, 42 pp., 1989. 

Gao, Bo-Cai, Dathleen Hcidebrecht, and Alexander Goetz, "Software for thre Derivation of Scaled 
Surface Reflectances From AV1RIS Data", Proc. of the Third JPL Airborne Geoscience Workshop. JPL 
Pub. 92-14, Jet Propulsion Laboratory, Pasadena, CA, 1992. 

Green, Robert O., "Retrieval of Reflectance from Calibrated Radiance Imagery Measured by the 
Airborne Visible/Infrared Imaging Spectrometer (AVIR1S) for Lithological Mapping of the Clark 
Mountains, California", Proc. Second AVIRIS Workshop, JPL Publication 90-54, Jet Propulsion 
Laboratory, Pasadena, C A, pp. 167-175, 1990. 

Green. Robert O., James E. Concl and Thomas G. Chrien, "Airborne Visible-Infrared Imaging 
Spectrometer (AVIRIS): Sensor System, Inflight Calibration and Reflectance Calculation", International 
Symposium on Spectral Sensing Research, pp. 22, in press, 1992. 

Green. Robert O., James E. Conel and Dar A. Roberts, "Estimation of Aerosol Optical Depth and 
Calculation of Apparent Surface Reflectance from Radiance Measured by the Airborne Visible-Infrared 
Imaging Spectrometer (AVIRIS) Using MODTRAN2", SPIE Conf. 1937, Imaging Spectrometry of the 
Terrestrial Environment, in press, 1993. 

Kneizys, F. X.. E. P. Shettlc, G. P. Anderson, L. W. Abrew, J. H. Chctwynd, J. E. A. Shelby, and 
W. O. Gallery, "Atmospheric Transmittancc/Radiancc; computer Code LOWTRAN 7”, AFGL, 
Hanscont AFB, MA, 1987. 

Ncckels, Heinz, and Dietrich Labs, "The Solar Radiation Between 3300 and 12500 A.", Sol. Phys, 90, 
pp. 205-258, 1984. 


82 


7.0 FIGURES 



Figure 1 . Comparison of LOWTRAN&MODTRAN calculated reflectance and field measured 
reflectance with the percent difference between the LOWTRAN&MODTRAN and the proposed 
update to the solar irradiance. 
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Figure 2. LOWTRAN&MODTRAN solar irradiance spectrum and proposed update. 
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gurc 3. Percent difference between LOWTRAN&MODTRAN and the proposed update to the 
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Figure 4. Comparison of radiative transfer calculated reflectance using proposed solar irradiance 
with field measured reflectance. 
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